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1.
Study of the Cost of Machines.
I. INTRODUCTION.
Coct finding is not the use of a series of formulae like
a processin chemistry. It is simply a systematized process of
finding out how every item of the cost of material and labor go
in the making of a product, or in the process of buying and selling
goods. Then two chemists are asked to give a formula for water,
each will write H20. Ask three, ten, hundreds,
or thousands,
the answer will be the same. Chemistry is a fixed science while
cost finding is not.
The price of any piece of manufactured goods is built up
in this way:
Cost of production-^ Direct labor = Prime cost.
Prime cost-j- Direct factory expense - Cost of manufacture.
Cost of manufacture+ Selling expense = Total costs.
Total costs
-f Profit = Price.
These are the formulae and they will remain the same no matter
what the nature of the article. The table may be phrased differ-
ently but the essential facts remain the same as will be shown
in the following graphic diagram.
Graphic Balance.
Price
Total Cost- Profit
Cost of Manufacture Selling
Expense
Factory Cost- General 4Expense
Prime Cost
Direct
Factory "
Expense
•-Cost of Material— Direct
Labor

Costs of the various items which are involved in the manufacture
of machines are so dependent upon the types of specific design
that a comprehensible discussion of them can not be given.
Commercial designers, however, are responsible for manu-
facture of machines which are as inexpensive as is consistent with
satisfactory operation. However with machines of given speed
and out-put, while the detail cost for labor and material may
vary widely in different cases, the total costs are not very
different.
As is shown in the above graphic diagram, the price of
a machine must exceed the total cost by the amount sufficient to
include the profit. The profit depends upon the size of the sale
made and the rebate iven to the customers. The rebate may vary
according to the circumstances and conditions under which the
sale was made. Therefore the costs mean, in this paper, the
selling price, f.o.b., obtained from different builders.
II. GENET AL.
The selling price of a given capacity of machine is
dependent upon the speed and type of machine and directly proport-
ional to the weight. Therefore it can be expressed by the equati-
ons as the functionsof speed and capacity, of weight, or roughly
as the function of capacity only. If the speed be P.. P.M., the
capacity be I T .P. or K.W., and the weight be Wt. , we can write
following equations :-
H.P. P. P.M.
Cost = F (P. P.M. )(H.P. ) = <f) (R.M.PD - f ( H.P. )
or roughly Cost - f(VVt.)
In 1904 a very interesting investigation was made by
Behrend on a number of 100 K.W. generators' rated speeds. Behrend's
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curve in the Fig. I shows and indicates that the weight of the
machine has already passed the minimum value at a speed of 1000
R.P.M. , and that the weight at 1500 R.P.M. is as much as that at
250 R.P.M. This curve indicates that the speed for minimum weight
is about 750 R.P.M. for a 4 pole machine weighing about 16 tons,
where-as a 2 pole, 1500 R.P.M. machine weighs 30 tons which is about
the same weight as a 12 pole 250 R.P.M. machine has, therefore the
weight of this kind of machine is more dependent on the number of
poles than on the actual rated speed.
In 1908 Messrs. H.M.Hobart and A.G.Ellis carried on a
further investigation on this subject. It is shown in the curves
in Fig. 2. which gives the relation between R.P.M. with Wt.and cost
of effective material. "From these curves it will be found that
doubling the rat*d speed from 750 to 1500 R.P.M. decreases the
cost of effective material only from f 4400.00 to $ 3500.00. The 4
pole machine corresponds to the limiting economical speed beyond
which the machine will be more expensive and poorer in quality.
The 6 pole 1000 R.P.M. and 4 pole 1500 R.P.M. machine are practi-
cally identical so far as economy of material is concerned and on
account of its better electriaal and mechanical proportions, the
6 pole machine for the slow speed will be preferable."
Although these facts are particularly for the designers,
it is as well to put in mind for studying the selling price of
machines, that the economy of the design is not dependent solely
on the rating but also on the number of poles. More precise state-
ments will be found on p.p. 191 to 196 of the "High Speed Dynamo
Electric Machinery", by Hobart and Ellis.
III. GENERAL. METHOD.
The intention of this pap^r, h™**^ io to ri^* out, t.^
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cost formulae which are comparatively reliable. It will be better
to have a few illustrations which may be found in suitable data
as shown on the subjoined sheet From this sheet we can obtain the
following data, the capacity in K.W. , weight in pounds, cost in
dollars, number of poles and the revolutions per minute. From
these readings we can calculate the corresponding values of P.. P.M.
*• K.W. and K.W. f R.P.I.''. The curves are plotted using the costs
as ordinates against the number of poles for 60 cycles and 25
cycles, P. P.M., capicity in K.W. , R.P.M. fKK.W. and K.W. f R.P.M. .
The price and P. P.M. curve and the weight P.P. M . curve are pract-
ically parallel. This at once tells the following relations :-
If K., K2 , and K3 are constants,
Price = K. Weight (l)
Price - K9 —I (2)2 R . P7M
.
Weight - K* —I— (3)
R.P.M. -
From the curve 1. ' e can find the cost,
C : | 6000.00 4-$ 24.00 K.W. (4) in terms of
power only which is not reliable, because of the statement which
was made in statement (2). Further investigation of the curves,
Cost and R,p.m . and Cost and K.W, shows that these are identic
K.W. R.P.M.
but for the difference of numerical values between B.P.M. and K.W.
It may be shown in the following equations:- If cost - y, x being
variable, R . P. M
.
- x and K.W.
T
'.W. R.P.M. = x , y r axn -|-c.
The cost and K . W
.
R.P.M. curve will have a better form according to
the equations (2) and (4) and it will fulfill all conditions
necessary, therefore it is more desirable to deal with the cost
equation of machine in terms of power and speed which results in
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the form of
Table I.
Cost of Vertical Turbo Alternator (Condensing).
Capacity
in K.W.
TO - 3
~V« +weignt,
in pounds.
OOSll x XI Nil
m
"hp t* nf*XH LCIIIvvl \J J- R.P.M. K.W.
Dollars Poles
.
K.W. R.P.M.
500 45,000 18000.00 1800 4 3.6 0.276
800 75,000 26500.00 1500 2 1.875 0.534
1000 100,000 30000.00 1200 6 1.2 0.834
1500 140,000 42000,00 900 8 0.6 1.67
2000 250,000 60000.00 750 4 0.375 2.67
3000 275,000 78000.00 600 12 0.2 5.00
5000 474,000 110000.00 500 6 0.1 10.00
The curve I in the Figure I. was plotted, with the price
as ordinates, using rated K.W. as abscissae. A straight line was
obtained. The equation of the straight line which represents the
curve is
,
y- ^-{- mx, in which m is the value of the tangent of
the angle which the line makes with X asis, K is the intersept
on the Y axis. between the line and the X axis, & z tan . But
Y - Cost in dollars; X = K.W. , K = $ 6,000 and ^ r 24 and :. C -
$ 6500.00
-f 24 K.W.
The curve (2) may be refered to the equation which will
take the form of y e axn -|- c, where y = cost in dollars, x = K.W.
C = intercept on the Y axis between the origin of the curve and
the X axis and IT depends upon the steepness of the curve. Since
the origin of this curve (2) is zero therefore the equation will
become y = axn by approximation. The following method will be
better and more accurate.
Take a set of such values of x as 1, 2, and 4, (or any
multiple of I
f
2„t& 4,)oftie points P, P2 , Pg. Find the value of
at each corresponding value of x on the curve. Then write three
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following equations 1 -
Yx = a(l)n + c . . . . . (1)
y2 = a(2)
n 4. c (2)
Y4
= a(4)n
-f c (3)
From the equation (l) x (2) and (2.)
"
£ (3) we have
^Z-^ (+f. -(f)
Since values of Y^ Y2 ,and Y4 are known the value of c will
be determined. Then substituting this value of C into the equat-
ion (4 ) we have :
-
K - ( i) n where K - Y-t-C -_ known number- log K = N log | .
Y2 -C
By the aid of the logarithm table, the values of the logs will
be found and the value of N is determined . Again substituting
the value of C and N into the equation (1) or. (2), find the value
of a . After these constants are determined, take a number of
values of X and evaluate for Y. Thus the exact points where the
curves must pass are determined, and a new exact curve for the
equation should be drawn through these new points. This new
curve is not far from the original one. Thus the equation of the
curve (2) was determined. The illustration of this method will
be found on the cost equation of the high speed induction motor
in Fig. XVII page 25. The equation of this curve is y : ax
n
-f- C.
Where y = Cost in dollars, x = H.P. £ R.P.K.
•
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From an approximate curve we can obtain the following values at
x= .04, y - 490; at x - .08, y.: 680; at x = 0.16, y r 950.
By the above equations we have:-
490 ~ a (.04)n 4- C (l)
680 = a(.08)n
-f C (2)
950 = a (.16) n
-(- C (3)
From equations (l), (2), and (3), we have
.
- 540 - c , .
a (.04)n (4)
680 ^0 (5)(.08)n
a
950
-
c (6)
= (.16)n {C
Equating the equations (4) - (5) ; (5) = (6)
680 - c z 950 - c - 2n • • •
(
7 )
490 - c 680 - c
therefore (680 - c) 2 = (490 - c) ( 950 - c)
c- 40
Substituting the value of c in (7) we have :
-
2
n
= 1.42
therefore n log 2 = log 1.42
3 52
therefore n - = .502 Say n =.5 for sake of simplicity
again substituting its values of c and n into any equation (l),
(2 ) , (3 ) , etc , we have
a = 2250
But in order to have a suitable curve for this data this a should
be reduced into 2236 therefore ;-
c - $ 2236 ( H.P. 4- $ 40
I R.P.I'.
The price and R.P.M. curve and the weight R. P.M. curve numbers
4 and 5 run parallel to each other and show that the price and
weight decrease with increase of speed even up to the highest
speed with two poles. This indicates thatthe machines in this
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group are well designed.
IV. Data and Curves with Discussion,
"ngine , Boiler , etc.
The cost of engines; and boilers are not in direct proport-
ion to their capacities, ^he larger ones are some what less ir
price per unit of capacity than the smaller machines.
In 1902, Prof. Charles K . Benjamin obtained figures from
different builders showing the selling price, f.o.b. factory, of
various classes of ©ngins and boilers together with the approxi-
mate cost of foundations. He plotted the prices as ordinates,
using the rated horse-powers as abscissae and he obtained the
straight lines which pass the average value of a larger number of
points. The equations of these straight lines which represent the
curves approximately are as follows :-
Type Engines Cost in Dollars.
Simple high speed engines 300 + 8 H. P.
Setting of " " 50 -f 0.75 H. P.
Compound " " " 1000 + 15 H.P.
Simple low " " 1000 + 10 H . P.
Compound " " 2ooo + 13 H. P.
Setting of " " M 500
-J-
1.3 H.P.
Boilers
.
Horizontal ^ater Tube 100-500 H.P. 320 + 7.35 H.P.
H.P. based on
10 sq. in.
heating surface
Vertical Fater Tube 100-400 H.P. 420 + 700 H.P.
Fire Tube 50-200 H.P. 50 +6.4 H.P.
Setting and Masonry for Boilers. 220 + 0.9 H.P.
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In 1906 a more comprehensive investigation was made,under
the direction of Prof. H. C. Benjamin, by Messrs. Baker and
Ingersoll, senior students in the Case School, Ohio. The figures
given in each case represent the prices of the engines delivered
on the cars at the factor-. The prices in the following tables
represent in each case an average of several quotatations from
different builders.
Table II.
Price of Simple Non-
Low Speed
condensing Engines.
High Speed
I. H. P. Price I. H. P. Pri
50 | 780 50 % 825
75 1080 60 790
80 1350 75 933
90 1400 80 920
100 1307 90 1215
115 1600 100 1100
125 2035 LtJ\) ilDU
150 1500 125 1260
160 2630 150 1412
175 2085 160 1400
185 2100 175 1740
200 2725 200 1734
250 2977 225 1840
290 3837 250 2200
315 4200 275
300
325
2410
2400
2500
Average of ten quotations. AVer-age of twelve quotations .
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Table III.
Price of Horizontal Cross-Compound Engines. (Condensing).
Low Speed. Kigh Speed.
I. H. P. Price. I.H.P. Price.
225 $ 6500 80 | 1400
250 6100 85 1900
285 7500 115 2560
300 6650 138 2790
375 8200 160 2070
400 8100 175 3380
410 9000 204 3027
482 10000 250 3157
500 9100 325 3550
600 10300 395 5100
616 11500 400 3700
697 12500 460 6800
750 12000 560 7650
875 15000
ieoo 17500
Average of the Average of the
ten quotations. seven quotation s.

EUGENE DIETZGEN CO., CHICAGO.
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Table IV.
Price of Tandem. Compound, Hi gh Speed Engines.
I. H. P. Price
.
72 I 217 5
96 2360
122 2575
145 2830
160 2900
186 3165
200 3250
215 3690
270 4410
325 5050
400 5350
600 8100
750 9800
Average of five quotations.
Table V.
Price of Vertical Engines.
Simple High-Speed • C ro s s -compound High Speed.
I. H. P. Price
.
I. H. P. Price
.
10 % 255 50 % 1 050JL \J \J
20 285 75 1DUU
30 375 100 1 A ^S!
40 572 150
50 720 200
60 720 250
75 830 300 A 7Qn
90 900 350 Z>C\J\J
100 1100 400 OOUU
120 1900 450 ODOU
300 3050 500 r r rA5550
Average of four Quotations.

EUGENE DIETZGEN CO.. CHICAGO.
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An explanation of these tables shows considerable irreg-
ularity in consecutive prices. For instance, in the Table I., the
price of a 100 horse-power engine is less than that of a 90 horse-
power engine, the price of 150 horsepower is less than that of
125 horse-power, and so on.
This is sometimes due to the difference of cost of standard
and of special sizes, but in many cases it is accidental and shows
that only average values can be obtained and that there is a great-
possibility of wide variation from these in particular cases.
Numbers of these diagram correspond to the numbers of the tables.
The equations of these straight lines for various classes of
respective engines are as follows :-
Selling Price of the Engines in Terms of the Kates.
Horse-power. Engines Non-condensing.
Type. r'ize. Cost in Dollars.
Simple Horizontal High-Speed 50 to 325 H.P. 490 + 6.4 H.P.
" Low " 50 to 315 H.P. 150-+ 12.8 H.P.
Vertical High " 10 to 300 H.P. 100+ 9.7 H.P.
Compound Horizontal High Speed72 to . . 400+ 11.5 H.P.
Engines Condensing.
Size. Cost in Dollars
Horizontal Cross-Compound High Speed 60 to 560 H.P. 940 + 10.6 H.P
Low " 225 to 1000 H.P3312+12.5 "
Tahdem-Compound High " 72 to 750 H.P. 800 + 12 H.P.
Setting for the above simple horizontal ( low and high) non-conden-
sing engines, C = $ 50+0.8 H. P.
Setting for the above compound low speed condensing engines,
C = | 562 + 1.28 H. P.
The average figure for foundations is estimated $ 20.00 per
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thousand brick laid in cement.
Pumps, Condensers, Heaters, and etc.
The price of feed pumps is comparatively a small item
being from prehaps fifty cents to one dollar per horse-power of
plant. The ordinary closed heater has l/3 square feet of heating
surface per rated horse -power and costs from seventy-five cents
to one dollar per horse-power.
Water Wheels.
The cost of water wheels varied with the power they are
intended to develop, and also with the type of wheel, the head
under which they are to operate, and their speed. The speed or
velocity of the buckets or vanes is a direct function of the head.
The cost of the wheel, accessories, and setting increases with the
diameter, so that a fast running wheel for a given output under
a stated head is cheaper than one with a larger angular velocity.
The diameter,however ,must in all cases be sufficiently large to
without
allow for passage of the waterAchoking. As the speed depends upon
the head it follows that the cost of a water wheel decreases
as the head increases. This is shown by the curve in Fig. 5.
which is plotted from the price list of the "Pelton Water Wheel
Co", and which refers to a tangential wheel with horizontal
shaft complete with accessories. The ordinates are dollars per
horse power and are obtained directly from the lists of the costs
in dollars (divided by each given rated horse-power) for a range
of heads 10 to 100 feet. The curve B Fig. 5. refers to another
size of wheel from which it will be apparent that the cost per
horse power decreases zore rapidly with increase in head than
with the different size of wheel, which is plotted for the same

14.
range of heads.
The points represent the actual cost per horse-power and
a smooth curve drawn through them isi designed to indicate the
way in which the cost changes with the head. For instance, at 20
foot head of "A" curve cost of wheel is | 145.00per horse-power
or $ 1450.00 per 10 horse-power . At 100 ft. head 10 h.p. is
obtained from the wheel costing approximately $.16 per h.p. or $
160 for the wheel of the same size. This decrease in the cost per
horse-power is due to the fact that under an increased head a
smaller volume of water is passed to develop*^ the rated horse-
power, and the diameter or size of the wheel may therefore be
reduced. The speed curves on the same sheet show that the speed
of the wheels is not directly proportional to the head; if it
were, the curve would be replaced on the diagram by a straight
line. For the highest heads the speed is less than it would be
if it were always proportional to the bead. Fig. VH. is put
in to show how the price of water wheels of the type varies
with the rated horse-power of the wheel. Curve "A" refers to a
wheel working under a 20 ft. fall, and "B" is for the same type
of wheel under an 80 ft. fall. The abscissae are the rated horse-
power of the wheels and the ordinates are the cost in dollars.
Taking the two curves, it is seen at once that the curve
'53" bends over more sharply than "A", and is inclined at a lesser
angle to the horizontal axis. This shows the reduced cost of a
wheel of given power working under a higher head, and also that
the capital cost per horse-power is considerable less.
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Table VI.
Price list, Power & R.P.li. Quintex Nozzle Pelton Wheel
36 in. 48 in. 36 in. 46 in.
Head infUI. P. Rev. H.P. Rev. Price Price/H.P. .Price Price/H.P
44. 5>
28. 8lt
20. 6u
15.7(3)
12.5:i
10.2)
8.6 ;l
7.3II
6.9.
\
6.00
5.3 )
4.7:>
4.3:)
3.9:>
4.i:>
3.8)
.3.50
3.2
10 2.66 71 73.6 53 | 325. $ 12.50 $ 600.
15 4.89 86 13.5 65 325 6.55 600
20 7.50 100 20.8 75 325 4.35 800
25 10.50 111 29.1 84 325 3.10 600
30 13.80 122 38.2 92 325 2.35 600
35 17.40 132 48 . 10 99 350 2.10 600
40 21.20 141 59.2 105 350 1.65 600
45 25.40 150 70.2 112 350 1.38 600
50 29.6 158 82.10 118 350 1.18 600
55 34.4 165 94.5 124 350 1.12 650
60 39.2 173 108. 129 375 • 9 5 650
65 44.2 180 122. 135 375 .85 650
70 49.3 186 137. 140 375 .75 650
75 54.6 193 151. 145 375 .69 650
80 60.1 199 166. 149 37 5 .62 650
85 65.9 205 182. 154 400 .61 750
90 72.0 211 199. 158 400 .55 750
95 78.0 218 215. 163 400 .51 750
100 84.1 223 232. 167 400 .47 750

^tjSfl I I UrrtMH I |§ t T-T4 ig .ffl 1
1
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£
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Table VI] •
20 ft. Head 8 ft. Head
Cost H. P. Cost H. P.
$ 160 2.12 $ 180 18.4
225 3.35 250 25.7
325 7.50 37 5 60.1
450 12 .40 525 107.0
ADO oou xoo.u
C s | 120<{H.P. C = 1 50^H.P.
Table VIII
.
Cost of Vertical Turbo D. C. Generator (Non-condensing)
K. W.
Capacity K.W . Cost in Dollars R. P. M. K. P. k.
15 3 1250. 4500 .00333
25 1400. 3600 .00695
75 2500. 2400 .0312
150 5000. 2000 .075
300 10000. 1800 .167
Equation of the curve is:- y - b
-f ex
1000 r:.TC. 5000K.fi
C z 1100 + .02 R.P.M. = 3 100+ R.P.I,
Table IX.
Cost of D.C. Generator.
D.C. G.& W. Co.
K . W. R . P . If
«
Cost.
25 325 $ 585.
35 300 675.
50 275 850.
75 275 1100.
100 250
Continued.
1300.
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Continued from Page 16.
K. 1. R. P. M. Cost
150 225 $ 2250.
200
C =
200 2720
: $ 12.2 K.W. -|" $ 280
200 100 4^80.
500 100 5500.
400 100 7000.
450 100 8000.
500 90 8300.
750 100 11200.
1000 100 13000.
2500 75 35500.
450 ? 8000.
c = I 510 fiFTi. - 1 300000
R.P.M. 200 -2500
Table X.
K.W. of Slow
Speed.
Price of
Price
D. C . Generators. Engine Driven- Low Speed.
R . P. M. Capacity in K. W.
Medium Size.
K. W.
O TD
$ 500 500 25 .05
800 300 45 .15
850 275 50 .182
920 150 50 .333
1000 100 50 . 500
900 300 62.5 . 208
1100 275 75.0 .264
1375 250 100 .400
1600 200 100 .500
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1800 150 100 .666
1500 250 125 .5
2250 225 150 666
3200 100 200 1.50
2720 200 200 1.00
3500 150 200 1.33
4380 100 200 2.00
Table XI . Larger Size
,
2720 200 200 1.00
3500 150 200 1.33
4380 100 200 2.00
3400 200 275 1.13
4000 200 250 1.25
50C0 100 250 2.5
4800 180 300 1.67
5500 100 300 3.00
5000 200 400 2.00
I 6200 150 400 2.66
7000 100 500 4.00
! £300 180 1000 5.55
10000 150 1000 6.666
13000 100 1500 10.00
19000 120 1500 12.50
25000 115 2000 17.4
33500 75 2500 34.4
Xj\J wi O v-/ v3» edium size
.
C
C
- 16 K.W.
-"1500
-H ii
)
J'.W. )
in L6rnis oi -rowtji uiixj *
C - 450 4- 11 K.W.P.P. . i
j
In terras of Power
l
' and R. P. M.
C = 2000 4- 1250
R.P.I

E DIETZGEN CO.. CHICAGO.
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Table XII.
C = | 2890
( H.P.)
_( R.P.M. )
.8
Prices of High-Speed Motors. 7.5 to 100 Horse-power.
H. P.
Price R. P. M. H.P. R.P.M,
130 1200 7.5 .00625
180 1000 10. .010
220 750 10. .015
250 1000 15. .015
300 750 15. .026
350 600 15. .025
370 832 25. .030
300 800 20.
.025
350 665 20.
.030
450 750 30. .040
470 874 35. .040
570 670 40.
.060
620 580 40.
.069
650 650 45.
.070
660 625 50.
.080
700 550 50.
.091
850 500 60. .120
700 700 70
. .100
730 800 80.
.100
900 650 100.
.154
+ I 17.
, 4
EUGENE OICTZGEN CO.. CHICAGO.
Yt**>-U T tff ILLINOIS.
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Table XIII.
D. C. Motors, 115-230-500 volts
.
Small size. Hi <f\\ Snppd
H. P.
H. P. Price R. P. M. R. P. M.
1 $ 80 1400 .000715
. 1 100 720 .00135
2 120 1200 .00167
2 160 720 .00278
3 120 1800 .00167
3 180 720 •.00416
5 160 1800 .00278
5 200 900 .00555
5 280 600 .00835
190 1800 .00416
n 240 1200 .00626
290 900 .00835
330 600 0125
H. P.
C - $ 65 + 27000 R. P.M.
Small size Medium speed.
7 280 330-500 .0175
7 390 200 .035
7^ 435
-
160-300 .0375
8 280 400-500 .018
si A A f\440
-
200-300 .038
9 440 325-425 .03 5
9 475 125-250 .040
9* 400 300-400 .032
10 335 365-425 .025
10 535 200-300 .050

21.
H.P.
(Continued)
Price R.P.M.
H.P.
R.P.M.
12 445 250-400 .040
12
C =
550
H.P.
$ 125
-f 8500 R.P.M.
175-325 .050
Medium size. 1ligh Speed.
10 212 1800-2000 .005
10 280 1200 .00835
10 300 1000-900 .01
15 330 1900 .0125
15 380 1000-900 .015
15 410 750 .02
20 410 1200 .0167
20 440 1000-900 .02
20 500 720 .0278
25 500 1000 .025
25 520 900 .0278
25 580 800 .0313
25 630 600 .0417
30 910-800 .0333
30 720 .0417
35 1000-900 .035
35 500-515 .0625
40 630 1000-900 .035
40 720 800 .05
50 760 800-720 .0625
50 870 600 .0835
60
60
840
910
900
720
067
.084
75 970 H.P. 800 .094
c = | 1000J R. P. M . - | 10.
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Table XIV.
Cost Data
Price
for Alternating Current Generators
R. P. M. K. W.
- Low Speed.
K.W.
R. P. M.
$1750 300 75 .25
1800 300 75 .25
2250 300 100 .33
2300 250 100 .40
2500 250 125 .50
3000 200 125 .625
3200 180 150 .835
3500 200 175 .875
3500 200 200 1.00
4600 200 250 1.25
5800 150 275 1.82
5800 150 300 2.00
7500 150 400 2.66
8000 136 400 2.94
5 quotations . 75 to 400 K. W.
C = $ 500 -j-17.3 K.W. in terms
K. W.
C = 1320
-f 2500 R. P. M.
of capacity only.
Table XV.
Alternating Current generators
.
25 cycls 'wo and Three Phase
.
60 cycle Two and Three Phase.
1 Belt driven
2 Engine driven
3 Water Wheel driven
10 % of Cost,
should be subtracted
from 25 cycles.
Belt
Pole
Driven.
K. W. R.P.M. Price
K.W.
Weight R.P.M.
A.T.B. 4 50 750 $ 1000 4350 .05
it 6 120 500 1790 10800 .24

23.
T.B. 6 150 500 2170 13200 .30
6 240 500 3200 2500 .48
6 360
C = $ 890
500
K . w
-f 4200 R. P.
3550
T J
BL •
2800 ,72
Engine Driven.
14 180 214 2500 13200 .84
18 240 167 2780 16300 1.44
20 300 150 3820 22300 2.00
20 360 150 4050 25400 2.40
16 400 187i 4070 27000 2.14
" 20 400 150 4400 27600 2.66
28 400 107 7400 40000 3.74
18 450 107 4170 26600 2.70
20 450 150 5580 33400 3.00
28 500 107 5250 33400 4.66
20 540 150 5100 33600 3.60
24 625 125 5900 37500
.
5.00
20 600 150 5360 33400. 4.0O
28 600 107 5950 34500 5.60
20 625 150 5580 37000 4.15
28 800 107 6900 42000 7.48
24 1000 125 7950 62500 8.00
28 1000 107 8640 59500 9.35
30 1000 94 9840 71000 10.65
30 1600 100 10950 83000 16.00
32 1800 94 15270 117000 19.20
28 2000 107 18570 126000 18.70
K.W.
C = | 2180-f 750 R.P.M.

A.T.B.
Water Wheel Driven.
Pole K.W. R.P.M. Price Wt.
K . VV .
R.P.M.
ii 4 50 750 $ 935 4250 .067
ii 6 120 500 1690 8800 .24
ii 6 150 500 1950 11300 ' .3
n 4 240 750 "2300 11700 .32
it 4 360 750 3200 19200 .48
it 6 420 500 4030 25000 .84
n 8 500 375 4750 34000 1.34
it 8 540 375 4400 34000 1.44
ii 12 540 250 4500 35000 2.16
ii 20 7 50 150 8950 91000 5.00
it 8 1000 370 7730 53000 2.70
» 10 1000 300 7200 55000
.
3.33
ii 6 1000 500 5850 41000 2.00
ti DO J.DUU O / 1UODU 85000 4.00
it 10 1500 300 8600 85000 5.00
ii 30 1600 100 14000 160000 10.00
ii 10 3600 300 23000
f K.W.
154000 12.00
' C = 3160Jr. p.i i. 4 $ 1200
Table XVI.
H.P.
High Speed
Price
Induction Motors
.
R.P.M.
K.W.
R.P.M.
1.5 % 144 1200 .00125
2 144 1800 .00111
2 154 1200 .00167
3 156 1800 .00167
3 165 1200 .0025
5 175 1800 .00278

25.
5. 194 1200 .00417
5 235 900 .00555
7.5 235
m
•
1200 .00625
7.5 272 900 . .00835 .
10 256 1200 .00835
• 10 320 900 .0122
15 300 1200 .0125
15 . 327 900 .0167
22 337 1200 .0184
18 402 720 .025
37 400 1200 .0308
37 563 600 .0616
52 668 600 .0866
75 687 900 .0835-
82 900
•
514 .16
112 1000 720 .1555
112 1100 514 .207
150 1150
Table XVII
.
720
C= %
r h -2236 R- P.
u
3*209
H-h# 40
Induction Motors
.
750 E. P.M. 2.5 to 20C H.P.
H.P.
500 R.P.M. 27 to 200 H.P.
H.P.
H.P. Price R.P.M • H.P. Price R.P.M.
1.5 | 148 .002 27 % 550 .054
3 205 .004 37 612 .072
5 263 .0067 52 877 .104
7.5 294 .0100 75 1080 .15
11 329 .014 100 1400 .20
15
22
380
430
.020
.029
150
200
fi
=
1800
2300
: 1 270 +
.30
H.P: 40
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Table XIX
27 500 .036 A C and D C Kill tjrpe Motors.
37
75
543
974
.044
.100 H.P.
A.C.
Price
Series.
R.P.M.
H.P.
R.P.M
112 1250 .149 3 $ 100 750 .oo4
150 1500 .200 7 125 750 .0094
200 1900 .266 12 145 750 .0160
1.5
25
- 25 H.P. / H.P. \
C - 407.51R.P.H./
—200 H.P. 1" H.P.
C = 300
-f 650oV R.P.M.
Table XVIII.
20
30
50
195
340
460
750
500
500
.0267
.06
.10
Single phase Induction Motors. 75 560 500 .15
H.P. Price R.P.M. 100 700 500 .20
.5 1 70 1200 150 890 375 .405
1 78 1800 D * C Series.
1 88 1200 3 75 1150 .00174
1.5 105 1200 7 100 1000 .007
2. 88 1800 12 110 875 .0134
2.5 130 1200 20 155 700 .0286
3. 105 1800 30 265 600 .05
3. 140 1200 50 325 600 .083
5. 130 1800 75 475 550 .150
5. 195 1200 100 605 480 .208
H
•Sri
' 2
195
240
1800
1200
150 800 550
2100
C = $ 80
-f R.P.M.
.27
H.P.
10 230 1800 For compounding 10$ should be added.
10 295 1200
15 300 1800
15 340 1200
,
60000
C s | 21.7 H.P. + R.P.J.'.:

Table XX. Price. Transformers.
K.W. Air Blast Pri. Voltage 2200 Water Cooled Pri. Voltage
ppnn
726
1 2^ 1 01 oxu 8RD DrfcO
1 60 1 090 7 Ar>
200 1260X U \y 1 040 aidoxu
2BO 1446 1 1 40 1UOO
300KJw \J 1620-L W t-* \J 1 400 i 4nn 1 999
375 1880.J- U^ W 1 530 1 640 1 /19DXrr C\J
500 2250 1875 i QnnX 1/ \J \J 1 74P,
750 3035v_/ w t_/ 2510 9489
1000 3200 3000 97QO
1250 4400 3620 ^R7 6GO i JJ
1500 5040 4160 4175 3800
2000 6000 5140 5155 4612
2500 7160 6150 6100 5000
3000 8500 7500 7300 6200
C = | 750 # f 2.57 K.W. for 25 c C = $ 600 # 2.31 K.W. for 25 c
C=| 600 # f 2.31 K.W. for 60 c C * f 500 # 1.9 K.W. for 60 c
Price Oil Cooled Pri. Voltage 2200.
K.W, 25 cycles 60 cycles.
75 778 610
100 900 682
125 985 762
150 1122 820
200 1360 1027
250 1630 1200
300 I860 1400
.-
575
'
2230 1fi4Q

28.
500 2750 2050
C - same as air blast- 25 c
C * same as air blast- 60 c
Table XXI.
100 E.W . Transformers of Three Different Types with Variable
Primary
Voltage
voltages.
( air blast )
25c 60c
Pri ce
.
( Oil
O EL
cooled )
C DU c
( water cooled
25 c 60
2200 900 725 r? r? or to olO 735 555
6600 937 777 o *z a835 n c\ 777 605
11000 1040 847 y io •700/ CO 862 652
16500 1140 930 1030 822 908 724
22000 1220 1027 1090 912 1007 833
33000 1427 1250 1230 1005 1108 1057
44000 1370 1137 1430 1200
55000 1670 1400
66000 1970 1585
An investigation of the curves in Fig. XXI gives the
following information:
-
1st. The difference of cost between these three kinds is
fairly constant at the different voltages, since the curves are
practically parallel to each other with the same slope.
2nd. The increase of the primary voltage makes an increase
in the cost of about cent per volt.
3rd. The cost of the air blast transformer is practically
the same as that of the oil cooled with a given capacity of
machine. And a 25 cycle water cooled machine costs exactly the
same as a60 cycle air blast and oil cooled with the same rated
capacities.
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4th. 25 cycle machines cost a little higher than that »-&£
60 cycle amounting as :-
a. About 10^ incase of the air blast and
oil cooled transformers.
b. About 20% in case of the water cooled
transformers
.
The increased cost with the higher primary voltages is
due to extra cost of insulation in the construction although with
the increased voltage the copper and iron will be reduced for the
same tj'pe and capacity of transformers. ? rhere-as in the case of
direct current generators and motors this increase is compensated
by the reduction of commutator copper.
V. SUMMARY.
1. Engines.
Type. Cost in dollars. Size.
Simple high speed 300
-f 8 H.P.
Setting of above 50
-f- 0.75 H.P.
Compounding high speed 1000 -{-lb H.P.
Simple Low speed 1000 4-10 H.P.
Compound low speed 2000 -\- 13 H.P.
Setting of above 500 -)- 1.3 H.P.
Simple horizontal high
speed, non-condensing 490 -\~ 6.4.H. P. 50 - 325 H.P.
Simple horizontal low
speed, non-condensing 150
-J" 12.8 H.P. 50 - 315 H.P.
Simple vertical high
speed noncondensing 100
-f- 9«7H . P 10 - 300 H.P.
Compound horizontal high
speed tandem 400
-f- 11.5 H.P. 50 - 500 H.P.

30.
Horizontal cross compound
high speed, condensing. . . 940 -j- 10.6 K.P. 80 - 560 H.P.
Vertical cross compound
high speed, non-condensing. 400
-J- 11.5 H.P. 50 - 500 H.P.
Horizontal, cross compound
low speed, condensing.
. . 3312 -\-12. 5 H.P. 225 - 1000 H.P
Horizontal tandem compound
high speed 900 -j" I 2 H.P. 72 - 750 H.P.
Setting for the above simple
horizontal low and high speed
non-condensing engine..
. . 50 -|- 0,8 H.P.
Setting for the above compound
low speed condensing
engine only 562 1.28 H.P.
2. Condensers.
Jet 500 + 1.0 H.P.
3. Boilers.
Horizontal water tube. . . 320 -|- £35 II. P. 100 - 500 H.P
* Horse power based on 10 sq. ft. heating surface.
Vertical water tube.
. . . 420 700 H.P. 100 - 400 H.P
Fire tube 50
-{-6.4 K.P. 50 - 200 H.P
Setting and masonry for
boiler 220 -(- 0.9 H.P.
4. Water Wheel.
Pelton 30 in. wheel
at 20 ft. head 50lfnTp. 6-60 H.P.
Same at 80 ft. head.
. . . 120|Tn7P . 18 - 166 H.P.

31.
5. A. C. Machines,
a- Alternating current generators.
Type Cost in Dollars Size.
Vertical turbo with
K.W.
turbines cond 346000 R.P.M. 500 - 5000 K.W.
Low speed 500 + 17.5 K.W.
K.W.
Medium size 1320 + 2500 R.P.M. 75 - 400 K.W.
K.W .
Belt driven 890 + 4200 R.P.M. 50 - 360 K.W.
K.W.
Engine driven 2180 + 750 R.P.M.'" 180 - 2000 K.W.
K.W.
Water wheel 3160 F.P.&. -|- 1200 50- 3600 K.W.
* Motors '.ill be practically the same as generators.
b- Induction Motors. 2 to 3 phase
K.P.
High speed, 60 cycle. . . . 2236 P.. P.M.-}- 40 1.5 - 150 P.P.
H.P.
270 -}- 5500 R.P.M. .5 - 15 H.P.
K H.P. J! - 7
750 R.P.M. speed 407.5 (R.P.M.j 15. - 25 H.P.
H.P.
300+ 6500 R.P.M. 25. - 200 H.P.
9750 .5-15 H.P.
Single phase 16.5 H.P. + R.P.M.
H.P.
500 R.P.M 270 + 53000 R.P.M. 27- 200 H.P.
Kill Type Value can be found
directly from the
curve in Fig. XIX. 3. - 150 H.P.
Cost of Exciters:
-
1.0 K.W.+ 60 For Engine it Water Wheel Type.
o.5 K.W.+ 60 For Belt Type.
Transformers
.
Larger size above 100 K.W.
Price in Dollars. Capacity. Voltage. Frequency. Type. Maker/
C =$750 + ^2.57 K.W. 100-3000 2200 25 cycles Air Blast G.E.
C = 600 -+ 2.37 K.W. 11 " 60 " " »
continued.

32.
Price i- Dollars. Capacity. Voltage. Frequency. Type Maker
C =$600 +$2.37 K.W. 100-3000 2200
C = 500
-f- 1.9 K..W 100-3000
C - 750
-f- 2.57 K . W . 75-500 " 25
C = 600
-f"
2 «37 K.W. 75-500 " 60
Smaller Size.
C
-I 8.9 K.W.
-f $16 From 1-125 K.W.)
25 cycle Water Cooled. G.E.
60 "
Oil Cooled.
C = 6.3 K.W. +- 50 12.5-50K.W.
)
) Wagner High EfficiencyTyp
C = 7.35 K.W.
-f-15' From 1-12.5 K.W.)
C - 5.33 K.W.
-f- 40 12.5-50 K.W.
)
) )Wagner Standard.
6 Direct Current Machines.
A. Generators.
CostType
Vertical Turbo-Non-Condensing,
with Turbines
Crocker Wheeler
slow speed
Same, 100 R.P.M.
1100+ 5000 v w
R.P.M.
12.2 K.W. 4- 280
500000
510 K.W. - R.P.M.
Low Speed Med. Size (16 K.W, K.W.
(450 -|- 207 R.P.M.
Large " (1500
-f 11 K .W.flCwT
(2000 4- 1259
JtuP.M.
0.6
-+ 17
H.P.
-4-
| *7
High Speed.
tl u
B. Motors.
,
H.P.
j
2890 (R.P.M.
)
Low Speed
Mill Type
65 -|- 27000 R.P.M.
lOodNltfTl. - ]o
H.P.
125
-h 8500 R.P.M.
80
'+tr§TM. H - p -
Size
.
15-300 K.W. 5 bids.
25-200 K.W. C.W.Co.
200-2500 K.W. "
25-200 K.W. 7 Quot.
250-2500 K.W.
75-100 H.P. 8 Quot.
1-7^ H.P.
10-75 H.P.
7-12 H.P. 8 Quot.
3-150 H.P.

33.
Tiscellaneous.
Costs of Oil Engines.
Maker Wt. per H.P. Size in H.P. Cost per H
in pounds. in dollars
Fairbanks & Morse 200 200 40
Covington Machine Co. 260 100 49
Covington, Va.
Mietp & Wise 230 100 55
Nev; York.
Hornsby Akyofd 300-450 170 70
De La Vergne
American Diesel Eng. ,300-450 170 70
St Louis
Atlas Eng. Co. 400 170 70
Indianapolis, Ind.
Costs of Central Stations. Statistics from Elec. Wld. and A.I.E.E
| 80 - $ 100 per E.W. rating ( 36 Wisconsin Cities).
Cost of System, including meters and transformers etc.
Size in K.W. Cost per K.W. in Dollars.
- 5000 ' | 66.10
5000 - 12000 90.88
12000 - 25000 107.31
25000 - 50000 80.44
Grand Average $ 80.44 per K.W.
Average $ 55.71 to f 63 per consumer.
Feed Water Heaters - 0>pen
$ 1.00 per E.P.
Condensers
Jet - $5 to $6 per H.P. 3.00-4.50
Surface $7 to $9 per H.P. 3.50-5.00
Turbines
C = $1000 -|- 12 K.W.
Installation up to 500 K.W. §400.00
Switchboards
$5 per K. T ' : .

34.
Storage Battery to 1000 A.H.
0=| .085 x A.H. # $1
Charges against Buildings.
( not installed).
Interest or rent
Taxes
Insurance and repairs
Charges against Equipment
Interest
Depreciation
Taxes
Insurance and repairs
Chimneys
Diameter.
4 - 6#
2%
2$
10%
2%
oaf
Height
75
Cost
125
4
6
8
10
6
8
10
12
For 85 K •W . Plant figure
Cost of engine room
Boiler Room
Feedpumps
Chimney
Oil and Waste per year
Attendance per month
Coal per ton
Steam piping
1350.
1950.
2650.
3725.
3500.
4250.
4675.
5125.
1300.
2500.
250.
500.
100.
50.
2.
1000.
Height
150
250
8 - 10$
12 1M
Diameter Cost
% 6150.8
10
12
14
16
7125.
7750.
8275.
24250.

35 ~~
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VI CONCLUSION.
The information computed in this repertory is very useful
to the designer or builder of power plants. From the cost equations
shown, much time and labor can be saved in figuring the cost of
any size of any machine in this list, Wien the speed in general
case, and the diameter of the wheel and the head of water is known
(in case of water wheels,) and ^skon a definite pressure and freq-
uency ( in case of transformer's). By these equations the compar-
ative cost of different machines can very readily be seen and easiijy
made.
Owing to the fact that much difficulty is experienced in
getting price data from the manufacturers of various machines this
paper does not include the cost equations of all the various
machines. However, the price equations in this list are very re-
liable since they have been derived according to the functions
they perform and therefore are more reliable than the average net
price list. Further, these equations are in very convenient form
so that they will hold true for any change of market price year
for year or in various countries, by simply changing the numerical
constants. The form of the equations will remain the same no matt|r
what changes occur in the market price.
«>'
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